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Phenomenon Effect Design Solutions
Inundation • Flooded basements. • Choose sites at higher elevations.
• Flooding of lower floors. • Raise the building above the flood elevation.
• Foulding of mechanical, electrical and communication 
systems and equipment.
• Do not store of install vital material and equipment on floors or basements lying below 
tsunami inundation levels.
• Damage to building materials, furnishings, and contents 
(supplies, inventories, personal property).
• Protect hazardous material storage facilities that must remain in tsunami hazard areas.
• Locate mechanical systems and equipment at higher locations in the building
• Contamination of affected area with waterborne pollutants • Use concrete and steel for portions of the building subject to inundation
• Evaluate bearing capacity of soil in a saturated condition
• Hydrostatic forces (pressure on walls caused by variations in 
water depth on opposite sides).
• Elevate buildings above floor level.
• Anchor buildings to foundations.
• Provide adequate openings to allow water to reach equal heights inside and outside of 
buildings.
• Design for static water pressure on walls.
•Buoyancy (flotation or uplift forces caused by buoyancy). •Elevate buildings
•Anchor buildings to foundations
•Saturation of soil causing slope instability and/or loss of 
bearing capacity.
•Evaluate bearing capacity and shear strength of soils that support building foundations 
and embankment slopes under conditions of saturation.
•Avoid sopes or provide a setback from slopes that may be destabilized when inundated.
Currents •Hydrodynamic forces (pushing forces caused by the leading 
edge of the wave on the building and the drag caused by flow 
around the building and overturning forces that result).
•Elevate buildings
•Design for dynamic water forces on walls and building elements
•Anchor buildings to foundations
•Debris impact •Elevate buildings
•Design or impact loads
•Scour •Use deep piles or piers.
•Protect against scour around foundations.
Wave break 
and bore
•Hydrodynamic forces •Design for breaking wave forces.
•Debris impact •Elevate buildings.
•Design for impact loads.
•Scour •Design for scouring and erosion of the soil around foundations and piers.
Drawdown •Embankment instability •Desin waterfront walls and bulkheads to resist saturated soils without water in front.
•Provide adequate drainage.
•Scour •Design for scouring and erosion of the soil around foundations and piers.
Fire •Waterborne flammable materials and ignition sources in 
buildings.
•Use fire-resistant materials.
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and 6), together with the methods for security/blast protection present-
ed in FEMA 428. In addition, the interactions of these four categories 
of risk protection with fire safety, where they occur, are also suggested. 
The suggested interactions are intended to provoke thought and design 
integration; they are not absolute restrictions nor are they recommenda-
tions. In general, beneficial conditions can be identified and undesirable 
conditions and conflicts can be avoided through coordinated design be-
tween the consultants, starting at the inception of design. The table can 
be used as a starting point for discussion relative to specific projects and 
to structure the benefits and conflicts of multihazard design depending 
on local hazards.
Table 3-3: Multihazard design system interactions 
Key
4 Indicates desirable condition or method for designated component/system 
8 Indicates undesirable condition or method for designated component/system 
m Indicates little or no significance for designated component/system
Split box indicates significance may vary, see discussion issues
Table 3-3: Multihazard design system interactions
Building System Protection Methods: Reinforcements and Conflicts
System  
ID









1-1 Building elevated 
on fill
m 4 m m m Excellent solution for flood.
1-2 Two means of site 
access
4 4 4 4 4
1-3 In close proximity 
to other facilities 
that are high risk 
targets for attack 
m m m 8 m
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Table 3-3: Multihazard design system interactions
Building System Protection Methods: Reinforcements and Conflicts
System  
ID












overhangs 8 m 8 8 m
Possibly vulnerable to vertical 
forces in earthquake, uplift 
wind forces. The wall to roof 
intersection will tend to contain 
and concentrate blast forces if 




(L-, U-shape, etc.) 
building forms
8 m 8 8 m
May concentrate wind or blast 
forces; may cause stress 






8 m 4 4 8 m
May cause stress 
concentrations and torsion in 
earthquake; courtyard provides 
protected area against high 
winds. Depending on individual 
design, they may offer 
protection or be undesirable 
during a blast event. If they 
are not enclosed on all four 
sides, the “U” shape or re-
entrant corners create blast 
vulnerability. If enclosed on all 
sides, they might experience 
significant blast pressures, 
depending on building and 
roof design. Because most 
courtyards have significant 
glazed areas, this could be 
problematic.
2A-4 Very complex 
building forms
8 8 8 8 8 May cause stress concentrations 
and torsion in highly stressed 
structures, and confusing 
evacuation paths and access for 
firefighting. Complicates flood 
resistance by means other than 
fill.
2B Planning and Function (No significant impact)
2C Ceilings (No significant impact)
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Table 3-3: Multihazard design system interactions
Building System Protection Methods: Reinforcements and Conflicts
System  
ID











Block, hollow clay 
tile partitions 8 4 8 8 4
Wind and seismic force 
reactions would be similar 
for heavy unreinforced 
wall sections, with risk of 
overturning. Tile may become 
flying debris during a blast. It is 
possible, but difficult, to protect 
structures with blast walls, but 
a weak nonstructural wall has 
more chance of hurting people 
as debris. Desirable against 
fire and not seriously damaged 
by flood.
2D-2





4 m 4 4 8
Non-rigid connections are 
necessary to avoid partitions 
influencing structural response. 
However, gaps provided for 
this threaten the fire resistance 
integrity and special detailing 
is necessary to close gaps but 
retain ability for independent 
movement. 
2D-3
Gypsum board  
partitions 4 8 m 8 8
Although gypsum board 
partitions can be constructed 
to have a fire resistance rating, 
they can be easily damaged 
during fire operations. Such 
partitions can be more easily 






clay tile around 
exit ways and exit 
stairs
8 m m 8 4 4
May create torsional structural 
response and/or stress 
concentration in earthquakes 
in frame structures unless 
separated and, if unreinforced, 
wall is prone to damage. 
Properly reinforced walls 
preserve evacuation routes in 
case of fire or blast.
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Table 3-3: Multihazard design system interactions
Building System Protection Methods: Reinforcements and Conflicts
System  
ID











Heavy roof (e.g.,      
slate, tile) 8 m 8 8 8 4
Heavy roofs are undesirable 
in earthquakes; slates and 
tiles may detach. Heavy roofs 
provide good protection from 
fire spread, but can also cause 
collapse of a fire-weakened 
structure. Almost always 
used on steep-sloped roofs; if 
wind-blown debris or a blast 
wave hits them, they become 
flying debris and dangerous to 
people outside the building.
2E-2 Parapet 8 4 m 8 8 4
Properly engineered parapet 
is acceptable for seismic; 
unbraced unreinforced 
masonry (URM) is dangerous. 











8 4 4 4 4
Increases seismic forces, but 




steel/wood 4 8 8 8 8
Decreases seismic forces, but 












4 4 4 4 4
3-5
Soft/weak first 
story 8 8 4 8 8 8
Very poor earthquake 
performance, and vulnerable 
to blast. Generally undesirable 
for flood and wind. Elevated 
first floor is beneficial for flood 
if well constructed, but should 
not be achieved by a weak 
structure that is vulnerable to 
wind or flood loads.
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Table 3-3: Multihazard design system interactions
Building System Protection Methods: Reinforcements and Conflicts
System  
ID








3 Structural Systems (continued)
3-6 Indirect load path 8 m 8 8 8
Undesirable for highly stressed 
structures, and fire-weakened 
structure is more prone to 
collapse. Not critical for floods.
3-7
Discontinuities in 
vertical structure 8 m 8 8 8
Undesirable for highly stressed 
structures; causes stress 
concentrations, and fire-
weakened structure is more 




separation joints 4 m m m 8
Possible path for toxic gases to 





4 m 4 4 m Provides a tougher structure that is more resistant to collapse.
3-10
Ductile detailing/
RC 4 m 4 4 m
Provides a tougher structure that 
is more resistant to collapse.
3-11
Design for uplift 
(wind) 4 m 4 4 m
Necessary for wind; may assist 





hollow clay tile 
around exit ways 
and exit stairs
8 m m 8 4
May create torsional structural 
response and/or stress 
concentration in earthquakes 
in frame structures unless 
separated, and if unreinforced 
wall is prone to damage. 
Properly reinforced walls 
preserve evacuation routes in 





on exterior walls 8 8 8 8 m
In earthquakes, material may 
detach and cause injury. In 
winds and attacks, may detach 
and become flying debris 
hazard. Flood forces can 




curtain wall 4 m 8 8 8
Fire can spread upward behind 
the curtain wall if not properly 
fire-stopped. Not blast-resistant 
without special glass and 




glazing m m 4 4 8
Can cause problems during fire 
suppression operations, limiting 
access and smoke ventilation.
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Table 3-3: Multihazard design system interactions
Building System Protection Methods: Reinforcements and Conflicts
System  
ID













purging in the 
event of fire
m m m 4 4
Can be effective in reducing 
chemical, biological, or 
radiological (CBR) threat if 
it has rapid shut-down and 
efficient dampers, and is 





8 4 8 8 m
Vulnerable to earthquake and 
wind forces. Raises equipment 
above flood level.
7 Plumbing and Gas (No significant impact)
8 Electrical (No significant impact)
9 Fire Alarm (No significant impact)
10 Communications and Information Technology (IT) (No significant impact)
11 Equipment Operations and Maintenance (O&M) (No significant impact)
12 Security (No significant impact)
12A Perimeter Systems (No significant impact)
12B Interior Security (No significant impact)
12C Security System Documents (No significant impact)
13 Security Master Plan (No significant impact)
SOURCE: FEMA 426, REFERENCE MANUAL TO MITIGATE POTENTIAL TERRORIST ATTACKS AGAINST 
BUILDINGS, 2003
Notes: 
The table refers to typical school structures: steel frame, concrete block or RC walls, wood frame, 
1-2 stories suburban, 2-4 stories urban.
